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(57) ABSTRACT

The invention relates to a method for communication in a
wireless telecommunication system, wherein the wireless
telecommunication system comprises a plurality of base sta-
tions (102) and at least one computing cloud (100), wherein
the plurality of base stations are each connected to the at least
one computing cloud, wherein the computing cloud com-
prises a plurality of computing devices, wherein the comput-
ing cloud is operatively coupled to the plurality of base sta-
tions, and wherein the method comprises the following steps:
performing (S1) time-critical operations by the plurality of
base stations; performing (S2) non-time-critical operations
by the at least one computing cloud for the plurality of base
stations; and exchanging (S3) control data between the plu-
rality of base stations and the at least one computing cloud;
wherein the non-time-critical operations comprise at least
one of the following operations: handover procedures, call
admissions, load balancing, gathering statistical data of cells
of the wireless telecommunication system, configuration
management for the cells of the wireless telecommunication
system, and operations for self organizing functions of the
wireless telecommunication system, and wherein the control
data is used by the computing cloud for performing the non-
time-critical operations.
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FIG. 3
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S1 PERFORMING TIME CRITICAL OPERATIONS
BY THE PLURALITY OF BASE STATIONS
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S2 PERFORMING NON-TIME CRITICAL OPERATIONS
BY THE COMPUTING CLOUD FOR THE
PLURALITY OF BASE STATIONS
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S3  EXCHANGING CONTROL DATA BETWEEN THE
PLURALITY OF BASE STATIONS AND THE
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1
COMPUTING CLOUD IN A WIRELESS
TELECOMMUNICATION SYSTEM

FIELD OF THE INVENTION

The invention relates to the filed of mobile telecommuni-
cation, in particular to a wireless telecommunication system
comprising a computing cloud.

BACKGROUND AND RELATED ART

The majority of operations performed by a wireless tele-
communication system is performed by the base stations of
the wireless telecommunication system. For example han-
dovers are initiated and performed by the base stations, call
admissions are performed by the base stations, load balancing
is performed by the base stations, statistical data is gathered
by the base stations and the cells of the wireless telecommu-
nication system are configured by the base stations.

US 2011/0014918 A1 describes a cellular communication
system supported by first physical layer processes, second
layer user plane control processes and third layer control
plane control processes. The first layer process is executed in
a base station. A distribution controller allocates the layer
processes such that the second layer process is executed in a
different network element than the third layer process. The
second and/or third layer process may furthermore be allo-
cated to a different network element than the base station
executing the first layer process. The second and/or third layer
process may be allocated to base stations. This allows
improved load balancing and/or may reduce RNC relocations
in a system having base station RNC functionality.

SUMMARY

It is an object of the present invention to provide an
improved method for communication in a wireless telecom-
munication system, an improved wireless telecommunication
system, and an improved computing cloud for such a wireless
telecommunication system.

The object of the invention is achieved by the subject
matter of the independent claims. Embodiments of the inven-
tion are given in the dependent claims.

The invention relates to a method for communication in a
wireless telecommunication system. The wireless telecom-
munication system comprises a plurality of base stations and
at least one computing cloud. The plurality of base stations
are each connected to the at least one computing cloud.
Optionally the base stations are connected to each other in
addition.

The computing cloud comprises a plurality of computing
devices such as computers or servers. The computing cloud is
operatively coupled to the plurality of base stations. In other
words, signals may be exchanged between the computing
cloud and the plurality of base stations.

The computing cloud may for example be a plurality of
servers being located centrally in the wireless telecommuni-
cation system. The servers are coupled to each other. The
connections between the servers may for example be connec-
tions according to the X2 interface which is defined by the
Third Generation Partnership Program (3GPP) for the Long
Term Evolution (LTE) standard. Additionally or alternatively
other connections can be used that are not adapted for real-
time communication because the computing cloud only per-
forms non-time-critical operations. For example, a wireless
telecommunication system comprises four computing
clouds. The computing clouds are used for performing non-
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time critical operations for the plurality of base stations. In
other words, non-time critical operations, which are per-
formed by base stations in common wireless telecommuni-
cation systems, are performed by the computing cloud. This
allows minimizing the processing capacity of the base sta-
tions. The more non-time critical operations are outsourced to
the computing cloud the less processing capacity is required
in the base stations. Therefore the size of the base station and
the production costs of the base stations can be reduced.

The computing cloud only performs non-time critical
operations. Time critical operations are performed by the
plurality of base stations. It is advantageous to perform time
critical operations in the base stations because transmitting
data to the computing cloud and receiving data from the
computing cloud induces a time delay into the signal process-
ing step. This time delay could be too high for time critical
operations.

Time critical operations are for example coding and decod-
ing of data and giving feedback to datareceived from a mobile
device. A mobile device may for example be a mobile tele-
phone, a PDA, a mobile computer, or a smartphone.

Time-critical operations could also be described as real-
time operations. Real-time operations are understood herein
in particular as operations having a requirement of maximum
allowed timing delays. These maximum allowed timing
delays can for example be defined in standards such as the
standards of the Third Generation Partnership Program
(3GPP).

In general, time critical operations are operations where an
induced additional delay because of signal transmission from
the base stations to the computing cloud and vice versa cor-
responds to a high risk of radio failures and unwanted discon-
nections of mobile devices. For example an HARQ process
has strong timing requirements with respect to round trip
delay. Hence, the HARQ process is performed by the plurality
of base stations because of the timing requirements.

As mentioned above, non-time critical operations are per-
formed by the at least one computing cloud for the plurality of
base stations. In other words, the computing cloud performs
operations that could also be performed by the plurality of
base stations. It is advantageous to perform the non-time
critical operations by the computing cloud because process-
ing capacities of the base stations can be reduced. It is espe-
cially advantageous to use the computing cloud for non-time
critical operations because the computing cloud performs the
operations for a plurality of base stations. Hence, the process-
ing capacities of the computing cloud have to be adjusted to
the maximum required processing capacity for the plurality
of'base stations. Thus it is not important if a first base station
of'the plurality of base stations has a high processing load and
a second base station has a low processing load or if the first
base station and the second base station both have medium
processing loads. In other words peaks of the processing
capacities required for one base station are balanced by load
processing capacities required for other base stations of the
plurality of base stations.

It is not anymore necessary to provide enough processing
capacity for each base station for the maximum required peak
processing capacity. Instead the computing cloud comprises
enough processing capacities for the overall processing
capacity required for the plurality of base stations. This
means that the total processing capacity is reduced because
not all of the plurality of base stations has their peak require-
ments for processing capacities at the same time.

Non-time critical operations that may be performed by the
computing cloud comprise at least one of the following opera-
tions: handover procedures, call admissions, load balancing,
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gathering statistical data of cells of the wireless telecommu-
nication system, configuration management for the cells of
the wireless telecommunication system, and operations for
self-organizing functions of the wireless telecommunication
system. Control data is exchanged between the plurality of
base stations and the at least one computing cloud for per-
forming these non-time critical operations.

Handover procedures may for example be initiated and
performed by the computing cloud. Signal powers and/or
signal strengths measured by mobile devices and transmitted
to the base station to which the mobile device is connected are
forwarded by the respective base station to the computing
cloud. The computing cloud can decide to initiate and per-
form a handover of the mobile device to another cell. Alter-
natively the mobile device triggers the handover procedure by
transmitting a handover trigger signal to the base station. The
base station then forwards the trigger signal to the computing
cloud and the computing cloud performs the handover of the
mobile device from a source cell to a target cell.

It is especially advantageous to perform load balancing of
the cells of the wireless telecommunication network in the
computing cloud. Load balancing operations balance the data
load of the cells such that the data load distribution among the
cells is optimized. Load balancing can comprise operations
such as adjustment of signal strengths, adjustment of fre-
quency re-uses, adjustment of handover parameters, and/or
adjustment of cell sizes and any other procedure known from
the prior art for load balancing among cells in a cellular
wireless telecommunication network. Performing load bal-
ancing in the computing cloud is especially advantageous
when the computing cloud also gathers statistical data of the
cells of the wireless telecommunication network. In this case
the computing cloud can decide to perform load balancing
based on the gathered statistical data without transmitting or
receiving additional signals from the plurality of base sta-
tions. All data being required for load balancing is already
present in the computing cloud.

Operations for self-organizing networks may also be per-
formed by the computing cloud. This is also especially advan-
tageous when statistical data is gathered by the computing
cloud. In this case the computing cloud can perform opera-
tions for the self-organizing network without signal
exchanges between the base stations or other network entities
and the computing cloud. The data being relevant for self-
organizing network operations is already present in the com-
puting cloud.

The computing cloud can also perform configuration man-
agement. In other words the computing cloud adjusts or sets
the parameters for cells of the wireless telecommunication
system, especially for cells being established in the wireless
cornmunication system.

According to embodiments of the invention the computing
cloud comprises at least one first buffer. Each base station of
the plurality of base stations comprises at least one second
buffer. Payload data to be sent to a mobile device connected
with the respective base station is buffered in the first buffer,
transmitted from the computing cloud to the respective base
station, buffered in the second buffer and sent to the mobile
device. As two buffers are used for the payload data the size of
the buffer in the base station can be reduced because the data
is additionally buffered in the computing cloud. Payload data
may for example be voice data, video data, internet data or
any other data being requested by the mobile device. This is
especially advantageous when handover procedures are per-
formed by the computing cloud. When the handover proce-
dure is initiated the computing cloud transmits the data being
located in the second buffer to the target base station of the
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handover procedure. Hence, the data being required by the
mobile device is already present in the buffer of the target base
station before the mobile device is handed over to the target
base station without that data needs to be exchanged between
the source base station and the target base station.

According to embodiments of the invention the plurality of
base stations are connected to each other for data forwarding
from a first base station of the plurality to a second base
station of the plurality. In this case data may be exchanged
between the plurality of base stations without involving the
computing cloud.

According to embodiments of the invention a handover of
a mobile device from a source base station of the plurality of
base stations to a target base station of the plurality of base
stations is initiated by the computing cloud. After initiating
the handover procedure at least a portion of the payload data
is transmitted from the computing cloud to the target base
station before the mobile device is handed over to the target
base station. Itis to be noted that only a portion of the payload
data being stored in the first buffer of the computing cloud can
be transmitted to the target base station or all data being stored
in the buffer of the computing cloud can be transmitted to the
target base station before the mobile device is handed over to
the target base station. If only a portion of the payload data is
transmitted to the target base station before the mobile device
is handed over the rest of the payload data being stored in the
first buffer of the computing cloud is transmitted to the target
base station after the handover procedure.

According to embodiments of the invention the time criti-
cal operations are coding of signals to be transmitted to a
mobile device, decoding of signals received from the mobile
device, and transmitting feedback to signals received from the
mobile device. According to embodiments of the invention
the wireless telecommunication system is a system operating
according to LTE, GSM, or UMTS standards. All these stan-
dards have been developed by the Third Generation Partner-
ship Program (3GPP).

According to embodiments of the invention load balancing
is performed according to LTE standards. For load balancing
LTE standards see 3GPP: TR 36.902V9.3.0 (2010-12) Chap-
ter 4.6.

According to embodiments of the invention the operations
for the self-organizing functions of the wireless telecommu-
nication system are performed by the computing cloud. The
statistical data of the cells are gathered by the computing
cloud and stored in the computing cloud. The statistical data
is used by the computing cloud for performing the operations
for the self-organizing functions. The self-organizing func-
tions comprise at least one of the following operations:
changing a transmission power of at least one base station of
the plurality of base stations, changing a cell size of at least
one cell of the wireless telecommunication system, changing
handover parameters for performing handovers from a source
cell to a target cell.

According to embodiments of the invention the plurality of
base stations are cornprised by a further computing cloud.
The computational operations of a first base station of the
further computing cloud can be performed by a second base
station of the further computing cloud. In other words, the
plurality of base stations is operated as a further computing
cloud. This allows distributing the computational effort
required by the base stations over the plurality of base stations
such that the required processing capacity of each base station
can be further reduced.

According to embodiments of the invention the plurality of
base stations comprises subgroups of base stations. Each
subgroup comprises a plurality of antennas and one comput-
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ing unit. Signals are received from mobile devices over the
antennas. These signals are then processed by the computing
unit. The computing unit performs time-critical operations
that are explained in more detail above. In other words, a
subgroup of base stations comprises a plurality of antennas,
wherein each antenna serves at least onecell of the wireless
telecommunication system. The antennas are used for com-
munication with mobile devices being located in the cells.
Each antenna may for example serve exact one cell. Alterna-
tively one cell can be served by more than one antenna.

The signals received via the antennas are forwarded to the
computing unit of the subgroup. Time-critical operations are
performed by the computing unit and the signals are for-
warded to the computing cloud for non-time-critical opera-
tions as explained above.

Embodiments of the invention are advantageous because a
plurality of cells, which is served by the subgroup of base
stations, requires only one computing unit. Hence, the pro-
cessing capacities can be further reduced. The computing unit
has enough processing capacities for processing the overall
traffic load of the plurality of cells. However, less processing
capacities are required, because peak loads in one cell are
balanced because the other cells will most likely not have a
peak load at the same time. Hence, production costs and base
station sizes can be reduced. Each cell can for example be
allocated to one antenna and one computing unit. The com-
puting unit serves more than one cell. Alternatively, a cell can
be allocated to more than one antenna.

In another aspect the invention relates to a wireless tele-
communication system comprising a plurality of base sta-
tions and at least one computing cloud. The plurality of base
stations and the at least one computing cloud are adapted to
perform a method according to embodiments of the invention.

The computing cloud comprises means for performing
non-time critical operations for the plurality of base stations,
means for transmitting control data to the plurality of base
stations, and means for receiving control data from the plu-
rality of base stations. The control data is used for enabling
the computing cloud to perform the non-time critical opera-
tions.

Each of the plurality of base stations comprises means for
performing time critical operations, means for transmitting
control data to the computing cloud, and means for receiving
control data from the computing cloud. The non-time critical
operations and the time critical operations are explained
above with respect to the explained method.

In yet another aspect the invention relates to a computing
cloud for a wireless telecommunication system. The comput-
ing cloud comprises means for performing non-time critical
operations for the plurality of base stations. This means that
the computing cloud is adapted to perfomi operations being
performed by the plurality of base stations in state of the art
wireless telecommunication systems. In other words the non-
time critical operations could also be performed by each base
station of the plurality of base stations. The choice to perform
the non-time critical operations in the computing cloud
allows to reduce the processing capacities of the base stations
of' the plurality of base stations. Further, the computing cloud
comprises means for transmitting control data to the plurality
of'base stations and means for receiving control data from the
plurality of base stations. The control data may be used by the
means for performing non-time critical operations of the
computing cloud for performing the non-time critical opera-
tions. The time critical and non-time critical operations are
explained above with respect to embodiments of the inven-
tion.

10

15

20

25

30

35

40

45

50

55

60

65

6
BRIEF DESCRIPTION OF THE DRAWINGS

In the following embodiments of the invention are
explained in greater detail, by way of example only, making
reference to the drawings in which:

FIG. 1 is a schematic view of a base station and a comput-
ing cloud,

FIG. 2 isaschematic view of a wireless telecommunication
system comprising a computing cloud and a plurality of base
stations, and

FIG. 3 is a flow diagram of a method according to embodi-
ments of the invention.

DETAILED DESCRIPTION

Like numbered elements in these Figs. are either identical
elements or perform the same function. Elements which have
been discussed previously will not necessarily be discussed in
later Figs. if the function is identical.

FIG. 1is a schematic view of a computing cloud 100 and a
base station 102. The computing cloud 100 comprises several
computing units such as servers or computers. The base sta-
tion 102 is located outside the computing cloud 100. FIG. 1 is
separated into a control plane 104 and a user plane 106. The
computing cloud 100 and the base station 102 both have
means being located in the control plane 104 and means being
located in user plane 106.

The base station 102 is connected to the computing cloud
100 via interfaces 108 and 110. Interface 108 is located in
base station 102 and interface 110 is located in computing
cloud 100. Both interfaces 108 and 110 are located in the
control plane 104.

The computing cloud 100 comprises several means for
performing computational operations. The computing cloud
100 comprises means for performing radio resource control
(RRC) operations 112. The means for performing RRC
operations 112 are adapted to perform and initiate handover
procedures for mobile devices being connected to base station
102, call admissions for such mobile devices, and load bal-
ancing for cells being served by base station 102. Load bal-
ancing may for example be performed according to LTE
standards. It is to be noted that the computing cloud 100 is
preferably connected to a plurality of base stations 102. For
clarity reasons only one base station 102 is depicted. The
means 112 for performing RRC operations are adapted to
perform and initiate handover procedures, call admissions
and load balancing for each base station of the plurality of
base stations being connected to the computing cloud 100.

The computing cloud 100 further comprises means 114 for
configuration management of cells of the wireless telecom-
munication network. The means 114 can adjust and/or set
parameters for newly established cells in the wireless tele-
communication network. Such parameters are for example
signal transmission strength or power, cell size and/or han-
dover parameters.

The computing cloud 100 further comprises means 116 for
performing operations of a self-organizing network (SON).
The SON operations can for example be adjusting of param-
eters such as handover parameters, signal strength and/or
signal power, and/or cell sizes.

Further, the computing cloud 100 comprises statistic
means 118 for gathering statistical data of cells of the wireless
telecommunication network. The statistical data may for
example be used for load balancing by means 112. The sta-
tistical data comprises statistics about traffic loads in the cells
of the wireless telecommunication network for different day
times, days, and/or months. Based on this data load balancing
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can be performed. It is advantageous to have the statistical
data in the computing cloud 100 because load balancing,
handovers, configuration management and SON operations
can be performed without exchanging signals with external
components. Hence the signaling effort is reduced by gather-
ing statistical data in the computing cloud and performing
load balancing, SON operations, configuration management
and handovers in the computing cloud 100.

All above mentioned means 112-118 of the computing
cloud 100 are located in the control plane. Further, the com-
puting cloud 100 comprises a first buffer 120 in the user plane.
The first buffer 120 is adapted to exchange data with the
second buffer 122. The second buffer 122 is located in the
user plane 106 of the base station 102. A flow control protocol
is used for exchanging data between the first buffer 120 and
the second buffer 122. The second buffer 122 is adapted to
request data from the first buffer 120 and the first buffer 120
is adapted to send data to the second buffer 122. The data
being transmitted from the first buffer 120 to the second
buffer 122 is preferably payload data that shall be sent to a
mobile device being connected to the base station 102. Pay-
load data may for example be voice data, internet data or any
other data requested by the mobile device. By using a first
buffer 120 in the computing cloud 100 the second buffer 122
of the base station 102 can be of reduced size in comparison
to buffers known from the prior art.

In case of a handover of a mobile device from the base
station 102 to a further base station being also connected to
the computing cloud 100 the payload data being stored in the
first buffer 120 can be transmitted to a third buffer in the
further base station to which the handover shall be performed.
Hence no data exchange between the base station 102 and the
further base station is necessary in case of a handover proce-
dure. A further advantage is that the handover procedure is
initiated and performed by the means 112 for RRC operation
of'the computing cloud 100. Hence, the computing cloud 100
performs the handover and also transmits the payload data to
the target base station. A synchronization of these procedures
inside the computing cloud 100 is very simple and easy to
implement.

The base station 102 further comprises means for perform-
ing medium access control (MAC) and radio link control
(RLC) operations 124. Further, the base station 102 com-
prises means 126 for performing physical layer operations.
The means 124 and 106 are located in the user plane 106 of the
base station 102.

The means for MAC/RLC operations 124 and the means
for physical layer operations 126 are located in the base
station 102 because these operations are time critical and a
delay induced by signal transmission to the computing cloud
would cause critical errors such as radio link failures and
disconnections of mobile devices. Such time critical opera-
tions are for example coding and decoding of signals being
received and transmitted to mobile devices being connected
to base station 102 and giving feedback to received signals
from mobile devices. This is especially advantageous for
hybrid automatic repeat request procedures (HARQ) accord-
ing to the LTE, HSUPA and HSDPA standard of the Third
Generation Partnership Project (3GPP).

FIG. 1 further shows an arrow 128 indicating the time delay
added to the signals being processed by the different means
112-126 in the computing cloud 100 and the base station 102.
The delay corresponds to the arrangement of the means 112-
126. For example the means 108, 122,124 and 126 are located
at the beginning of the arrow 128, which means that the delay
caused by these means lies in between 100 us and 1 ms. The
delay caused by means 112 lies in between 10 ms and 1
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second. The delay caused by means 114 lasts between 100 ms
and 1 second, the delay caused by means 116 lies between 1
second and 10 seconds and the delay caused by means 118
lies in the range of 8-12 seconds. All above mentioned delay
values are the values added to the signal for one-way trans-
mission of the signal. Hence, a signal being transmitted from
the base station 102 to means 112 experiences an additional
delay of 10 ms and a signal back from means 112 to the base
station 102 is subject to another delay of 10 ms such that the
total delay is 20 ms. This is why time critical functions are
executed inside base station 102 by means 122-126.

FIG. 2 is a block diagram of a wireless telecommunication
system comprising a computing cloud 100 and two base
stations 102a and 1025. It is to be noted that only two base
stations 102a and 1025 are depicted in FIG. 2 for clarity
reasons although much more than two base stations may be
connected to the computing cloud 100. The base stations
102a and 1025 are designed similarly to base station 102
depicted in FIG. 1.

The base stations 1024 and 1025 are connected via con-
nections 202 to each other. This connection 202 is optional
and not mandatory for base stations according to embodi-
ments of the invention. The connection 202 is used for data
forwarding between the base stations 102a and 1026 for
example in case of a handover. Data may be transferred from
a source base station 102a to a target base station 1025 for
providing a mobile device being handed over from source
base station 102a to target base station 1025 with data. The
base stations 1024 and 1025 are connected to the computing
cloud 100 via connections 204. Control data and payload data
is exchanged between the computing cloud 100 and the base
stations 102a and 1025 via connections 204. Payload data
may for example be voice data, internet data, or any other data
being requested by a user of the mobile telecommunication
network. Control data may for example be any data being
exchanged in the control plane 106 depicted in FIG. 1. Con-
trol data may for example be data being necessary for han-
dover reasons, self-organizing network functions, statistical
data of cells being served by base stations 1024 and/or base
station 1025, and any parameters being set or adjusted by the
computer cloud 100 for base stations 102a and 1024.

Communication between the different computing devices
in computing cloud 100 is performed by connection 200. For
clarity reasons only one connection 200 is depicted in FIG. 2.
The computing devices of computing cloud 100 communi-
cate with each other over such connections 200. Such con-
nections may for example be established according to the X2
interface of the LTE standard.

A mobility management entity and/or a serving gateway
208 is connected via connection 206 to the computing cloud
100. The mobility management entity 208 may also be
referred to as MME. The mobility management entity 208
operates according to 3GPP standards and the serving gate-
way 208 is operated according to 3GPP LTE standards. The
connection 206 may for example be a connection according to
the 3GPP S1 standard.

Via another connection 210 the core network for 2G and
3G networks 212 is connected to computing cloud 100. The
core network comprises for example an operation and main-
tenance centre. The operation and maintenance centre serves
the provider for maintaining the wireless telecommunication
network and for surveillance of the wireless telecommunica-
tion network.

For wireless telecommunication systems according to the
3G standard the computing cloud 100 comprises functional-
ities that are comprised in state of the art 3G systems by the
radio network controller (RNC). Such functionalities are for
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example High Speed Downlink Packet Access (HSDPA) and
High Speed Uplink Packet Access (HSUPA) functionalities.

For 2G networks according to the GSM standard (Global
System for Mobile Communications) the computing cloud
100 may perform operations that are performed in state of the
art systems by the base station controller (BSC). Additionally,
the computing cloud 100 may also perform operations that
are performed in state of the art systems by the Transcoding
und Rate Adaption Unit (TRAU). Such operations could for
example be transcoding of voice data from a first bit rate to a
second bit rate. Other data requested by a user, e.g. video data
or internet data, could also be transcoded by the computing
cloud 100.

An operation and maintenance center 214 is connected to
the computing cloud 100 via connection 216. The operation
and maintenance center 214 serves for the provider of the
wireless telecommunication network as a surveillance center
of the computing cloud 100.

FIG. 3 is a flow diagram of a method according to embodi-
ments of the invention. In a first step S1 time critical opera-
tions such as coding and decoding of signals and giving
feedback to signals received from a mobile device are per-
formed by a plurality of base stations. The plurality of base
stations is connected to the computing cloud as depicted in
FIGS. 1 and 2. Time critical operations are performed by the
plurality of base stations because outsourcing these opera-
tions into the computing cloud would cause additional time
delays to the operations which may be critical and cause radio
link failures and disconnections.

In step S2 non-time critical operations are performed by
the computing cloud for the plurality of base stations. This
means that operations where an additional delay of several
hundreds of milliseconds or even seconds does not cause
directly radio link failures or disconnections is outsourced
into the computing cloud. These operations could also be
performed by the base stations. However, it is advantageous
to outsource these operations into the computing cloud for
reducing processing capacities in the base stations. The com-
puting cloud performs these operations for all the base sta-
tions of the plurality of base stations. Hence, peaks in the
traffic load of certain cells of the wireless telecommunication
network are balanced because other cells will not have a peak
traffic load at the same time. In other words, the capacity of
the computing cloud is high enough for the maximum
required processing capacities but lower than the processing
capacity which would be used if each cell would have the
processing capacities for handling its maximum traffic load.

It is to be noted that the steps S1 and S2 can be performed
at the same time or step S1 can be performed before step S2
and vice versa.

In step S3 control data is exchanged between the plurality
of'base stations and the at least one computing cloud. Step S3
is required for step S2 because the control data is used by the
computing cloud for performing the non-time critical opera-
tions. Control data may for example be handover data, param-
eters of the cells of the wireless telecommunication network,
and/or statistical data.

The non-time critical operations performed by the comput-
ing cloud in step S2 may for example be handover procedures,
call admissions, load balancing, gathering statistical data of
cells of the wireless telecommunication network, configura-
tion management for the cells of the wireless telecommuni-
cation system, and operations for self-organizing functions of
the wireless telecommunication system. Performing all these
operations in the computing cloud is advantageous because
the signaling effort is reduced in comparison to state of the art
wireless telecommunication systems. The statistical data and
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operations using the statistical data are performed in the com-
puting cloud. Hence additional signaling effort is avoided.
Additionally the processing capacity of the base stations can
be reduced, which reduces also the production costs and the
size of the base station.

The time critical operations are performed by the base
stations because performing these operations in the comput-
ing cloud would cause unnecessary radio link failures and
disconnections due to added time delay. This is especially
advantageous for hybrid automatic repeat request. The time
critical operations are preferably coding and decoding of
signals and giving feedback to signals received from mobile
devices being connected to the respective base station.

List of reference numerals

100 Computing cloud

102 Base station

104 Control plane

106 User plane

108 Interface

110 Interface

112 Means for RRC operations

114 Means for configuration management
116 Means for SON operations

118 Statistic means

120 First buffer

122 Second buffer

124 Means for MAC/RLC operations
126 Means for physical layer operations
128 Arrow

200 Connection

202 Connection

204 Connection

206 Connection

208 MME, serving gateway

210 Connection

212 Core network

214 OMC

216 Connection

The invention claimed is:

1. A method for communication in a wireless telecommu-
nication system, wherein the wireless telecommunication
system comprises a plurality of base stations and at least one
computing cloud, wherein the plurality of base stations are
connected to the at least one computing cloud, wherein the
computing cloud comprises a plurality of computing devices,
wherein the computing cloud is operatively coupled to the
plurality of base stations, and wherein the method comprises:

performing time-critical operations by the plurality of base

stations;

performing non-time-critical operations by the at least one

computing cloud for the plurality of base stations; and
exchanging control data between the plurality of base sta-
tions and the at least one computing cloud;
wherein the non-time-critical operations comprise at least
one of the following operations: handover procedures, call
admissions, load balancing, gathering statistical data of cells
of the wireless telecommunication system, configuration
management for the cells of the wireless telecommunication
system, and operations for self organizing functions of the
wireless telecommunication system, and wherein the control
data is used by the computing cloud for performing the non-
time-critical operations, wherein the computing cloud com-
prises at least one first buffer, wherein at least one base station
of'the plurality of base stations comprises at least one second
buffer, wherein payload data to be sent to a mobile device
connected with the respective base station is buffered in the
first buffer, transmitted from the computing cloud to the
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respective base station, buffered in the second buffer, and sent
to the mobile device, wherein a handover of a mobile device
from a source base station of the plurality of base stations to
atarget base station of the plurality of base stations is initiated
by the computing cloud, wherein after initiating the handover
procedure at least a portion of the payload data is transmitted
from the computing cloud to the target base station before the
mobile device is handed over to the target base station.

2. The method according to claim 1, wherein the plurality
of'base stations are connected for data forwarding from a first
base station of the plurality of base stations to a second base
station of the plurality of base stations.

3. The method according to claim 1, wherein the time-
critical operations are coding of signals to be transmitted to a
mobile device, decoding of signals received from the mobile
device, and transmitting feedback to signals received from the
mobile device.

4. The method according to claim 1, wherein the wireless
telecommunication system is a system operating according to
LTE, GSM, or UMTS standards.

5. The method according to claim 1, wherein load balanc-
ing is performed according to LTE standards.

6. The method according to claim 1, wherein the operations
for the self organizing functions of the wireless telecommu-
nication system are performed by the computing cloud,
wherein the statistical data of the cells are gathered by the
computing cloud and stored in the computing cloud, wherein
the statistical data is used by the computing cloud for per-
forming the operations for the self organizing functions,
wherein the self organizing functions comprise at least one of:

changing a transmission power of at least one base station

of the plurality of base stations;

changing a cell size of at least one cell of the wireless

telecommunication system;

changing handover parameters for performing handovers

from a source cell to a target cell.

7. The method according to claim 1, wherein the plurality
of base stations are comprised by a further computing cloud,
and wherein computational operations of a first base station
of' the further computing cloud can be performed by a second
base station of the further computing cloud.

8. The method according to claim 1, wherein the plurality
of base stations comprises subgroups of base stations,
wherein at least one subgroup comprises a plurality of anten-
nas and one computing unit, wherein the computing unit
performs time-critical operations concerning signals received
from the plurality of antennas.

9. A wireless telecommunication system comprising a plu-
rality of base stations and at least one computing cloud,
wherein the computing cloud comprises one or more proces-
sors configured to:

perform non-time-critical operations for the plurality of

base stations; and

transmit control data to the plurality of base stations;
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receive control data from the plurality of base stations;
buffer payload data to be sent to a mobile device;
transmit the payload data to one of the plurality of base
stations;
wherein the plurality of base stations comprises one or more
processors configured to:
perform time-critical operations;
transmit control data to the computing cloud;
receive control data from the computing cloud;
buffer the payload data;
send the payload data to the mobile device;
wherein the non-time-critical operations comprise at least
one of the following operations: handover procedures, call
admissions, load balancing, gathering statistical data of cells
of the wireless telecommunication system, configuration
management for the cells of the wireless telecommunication
system, and operations for self organizing functions of the
wireless telecommunication system, and wherein the control
data is used by the computing cloud for performing the non-
time-critical operations, wherein a handover of a mobile
device from a source base station of the plurality of base
stations to a target base station of the plurality of base stations
is initiated by the computing cloud, wherein after initiating
the handover procedure at least a portion of the payload data
is transmitted from the computing cloud to the target base
station before the mobile device is handed over to the target
base station.
10. A computing cloud for a wireless telecommunication
system comprising one or more processors configured to:
perform non-time-critical operations for a plurality of base
stations; and
transmit control data to the plurality of base stations;
receive control data from the plurality of base stations;
buffer payload data to be sent to a mobile device;
transmit the payload data to one of the plurality of base
stations;
wherein the non-time-critical operations comprise at least
one of the following operations: handover procedures, call
admissions, load balancing, gathering statistical data of cells
of the wireless telecommunication system, configuration
management for the cells of the wireless telecommunication
system, and operations for self organizing functions of the
wireless telecommunication system, and wherein the means
for performing the non-time-critical operations are adapted to
use the control data for performing the non-time-critical
operations, wherein a handover of a mobile device from a
source base station of the plurality of base stations to a target
base station of the plurality of base stations is initiated by the
computing cloud, wherein after initiating the handover pro-
cedure at least a portion of the payload data is transmitted
from the computing cloud to the target base station before the
mobile device is handed over to the target base station.
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